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(54) SUBSTRATE FOR THIN-FILM MAGNETIC HEAD AND THIN-FILM 
MAGNETIC HEAD USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve heat radiating property of a thin-film 
magnetic head element and to prevent the contact of the element to a medium by 
successively depositing a diamond-like carbon film and amorphous alumina film 
to a specified thickness on a substrate. 

SOLUTION: A diamond-like carbon film having 0.7 to 3.5 urn thickness and an 
amorphous alumina film having 21.3 urn thickness are deposited successively on 
a substrate. First, a diamond-like carbon(DLC) film 7 is formed through normal 
temperature plasma CVD method on a disk substrate 6 having an orientation flat 
face. Then an amorphous alumina film 8 is formed through RF sputtering or ECR 
sputtering. The amorphous alumina film 8 formed by RF sputtering or ECR 
sputtering has high film packing rate. Thereby, thermal conductivity is improved 
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by the DLC film 7, and as a result, heat can be fast transferred to a slider having 
high conductivity and the heat radiating property is enhanced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate for the thin film magnetic heads which comes to carry out 
the laminating of the diamond-like carbon film with a thickness of 0.7-3.5 
micrometers and the amorphous alumina film with a thickness of 1.3 micrometers 
or less one by one on a substrate. 

[Claim 2] The thin film magnetic head which comes to form a magnetic film on 
the amorphous alumina film of the substrate for the thin film magnetic heads of 
claim 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate for the thin film 
magnetic heads used for the thin film magnetic head and it which are used for 
the hard disk drive which is the recording apparatus of a computer, a tape drive, 
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etc. 
[0002] 

[Description of the Prior Art] Conventionally, on the ceramic substrate which turns 
into a substrate for the thin film magnetic heads from an alumina (aluminum 203) 
and the composite of a titanium carbide (TiC) as a principal component, the 
insulator layer which consists of an amorphous alumina is formed by the 
sputtering method, and what carried out mirror plane processing of the field with 
the one side polish machine is used. 

[0003] In order that the above-mentioned insulator layer may acquire insulation 
with the ceramic substrate which is electric conduction material, it forms in order 
to attain smooth nature further, but especially about the field coarseness of an 
insulator layer, in order to acquire a field important in order to form a component 
on it and smoother, it is processed by CMP (CHEMICAL MECHANICAL 
POLISHING) etc. 
[0004] 

[Problem(s) to be Solved by the Invention] In order to raise recording density in 
recent years, it is shown that MR (MAGNETRORESISTIVE) which used the 
magneto-resistive effect for the component of the thin film magnetic head, or 
GMR (Giant MR) uses, but in the case of such MR component and a GMR 
component, in order to raise reading sensibility, it is necessary to raise a sense 
current value. 

[0005] Moreover, in the MR head for hard disk drives, or a GMR head, with about 
1 microinch, the flying height of a head is small and is becoming close to a 
NIAKON baton. Therefore, the so-called thermal asperity phenomenon which the 
magnetic head and media tend to carry out [ the phenomenon ] contact sliding, 
and a temperature change produces in MR component section of the thin film 
magnetic head with the frictional heat at this time, consequently reading 
sensibility reduces serves as a very big trouble. 

[0006] Although it is necessary to raise the heat dissipation nature of the 
circumference of a component in order to cancel this trouble Therefore, make 
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thickness of the amorphous alumina film thin and MR component is brought 
close to the high aluminum2 03-TiC substrate of heat conduction. Heat 
dissipation nature is raised by this, or the recess by the hardness difference of an 
aluminum2 03-TiC substrate and the amorphous alumina film is used, and the 
cure of preventing that MR component collides with a media side is performed. 
[0007] However, when the thickness of the amorphous alumina film was set to 3 
micrometers or less, it was inadequate in respect of withstand voltage. 
[0008] Therefore, this invention person is making the diamond-like carbon film in 
which the both sides of thermal conductivity and a withstand voltage property 
were excellent compared with the amorphous alumina film cover, as a result of 
repeating research wholeheartedly in view of the above-mentioned situation, and 
it found out that this trouble was canceled. 

[0009] This invention is completed based on the above-mentioned knowledge, 
while the object raises the heat dissipation nature of the thin film magnetic-head 
component section, the contact to the media side of a component is prevented, 
and it is in offering the substrate for the thin film magnetic heads which was 
further excellent in film adhesion reinforcement, electric pressure-proofing, and 
field grace. 

[0010] Other objects of this invention are to offer the thin film magnetic head of 
the high quality which used the substrate for the thin film magnetic heads of this 
invention, and high-reliability. 
[0011] 

[Means for Solving the Problem] The substrate for the thin film magnetic heads of 
this invention is characterized by carrying out the laminating of the diamond-like 
carbon film with a thickness of 0.7-3.5 micrometers and the amorphous alumina 
film with a thickness of 1 .3 micrometers or less one by one on a substrate. 
[0012] It is characterized by the thin film magnetic head of this invention coming 
to form a magnetic film on the amorphous alumina film of the substrate for the 
thin film magnetic heads of this invention. 
[0013] 
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[Embodiment of the Invention] Hereafter, drawing 1 - drawing 4 explain the 
operation gestalt of this invention. The perspective view in which (a) of drawing 1 
and (b) show the substrate 1 for the thin film magnetic heads of this invention, 
the important section expanded sectional view by cutting plane line X-X [ in / in 
drawing 2 / drawing 1 R> 1 (a) ], and drawing 3 are the important section 
expanded sectional views showing the layer system in which the magnetic film 
was formed on the substrate 1 for the thin film magnetic heads of this invention. 
Moreover, drawing 4 is the sectional view showing the busy condition of the thin 
film magnetic head 2 of this invention. 

[0014] As for the slider with which 3 consists of the aluminum2 03-TiC system 
ceramics, a ferrite, sapphire, etc., and 4, in the thin film magnetic head 2 of 
drawing 4 , MR component and 5 are media. 

[0015] The above-mentioned thin film magnetic head 2 is obtained according to 
the following production process. First, according to the substrate 1 for the thin 
film magnetic heads of drawing 1 , as shown in the disc-like substrate 6 with a 
diameter of 2-8 inches which has an orientation flat as shown in (a), or (b), it is 
the 3-6 inches one-side corner guard-like substrate 6. On these substrates 6, as 
shown in drawing 2 , the diamond-like carbon (DLC) film 7 is formed by the 
ordinary temperature plasma-CVD method, and subsequently the amorphous 
alumina film 8 is formed by RF spatter or the ECR spatter. Incidentally about the 
describing [ above ] ordinary temperature plasma-CVD method, hydrocarbon gas 
is decomposed in the discharge plasma in a high vacuum, the ion in the plasma 
and an excited molecule are electrically accelerated to a substrate, and it forms 
by making it collide that it is also with such high energy. 
[0016] For most above-mentioned DLC film 7, it sets in the joint form of four 
carbon atoms, and a diamond is SP3. He is SP3 to being an orbit. An orbit and 
SP2 Including orbital [ both ], it excels in surface smooth nature, and a degree of 
hardness is still higher and it excels in abrasion resistance. 
[0017] moreover, the DLC film 7 has high thermal conductivity compared with the 
amorphous alumina film 8, and is further excellent also in electric insulation -- on 
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the other hand, a front face - it is inferior to description and easy to produce a 
film defect, further the DLC film 7 - high [ 3000 or more HV ] - since a degree 
of hardness, surface polish is difficult and surface smoothing is difficult. 
[0018] Then, in order to make the fault of the DLC film 7 complement, while 
forming the amorphous alumina film 8 on it and making a front face smooth by 
this, generating of a defect is prevented and good and high withstand voltage is 
made to provide. 

[0019] By having formed the amorphous alumina film 8, the surface 8a becomes 
a very smooth field, and a magnetic film 9 is formed on surface 8a so that it may 
be shown subsequently to drawing 3 . pass a slicing process, an ABS side polish 
process, and ion milling processing (RIE processing) one by one after such a 
wafer process - much thin film magnetic heads 2 are obtained simultaneously. 
About MR component, it is the component used by reading and forms with the 
ultra-fine processing technology by photograph RISOGURAFU. 
[0020] the case where the above-mentioned substrate 6 is produced with the 
aluminum2 03-TiC system ceramics - 60 - 80% of aluminum 203 the raw 
material which uses 40 - 20% of TiC as a principal component - using - the 
inside of atmospheric air or reducing atmosphere - 1600-1800 degrees C - a 
hotpress - or HIP processing is carried out and it is obtained. This aluminum2 
03-TiC system ceramics serves as a very precise sintered compact, and can 
smooth a front face. In addition, although the aluminum2 03-TiC system 
ceramics is electric conduction material, it gives insulation by forming the DLC 
film 7 and the amorphous alumina film 8 on a substrate 6. 
[0021] Moreover, after forming the amorphous alumina film 8, it is easy to carry 
out CMP processing that a film front face should be made still smoother. 
[0022] By this, if a front face is expressed with the surface roughness (Ra) 
measured by AFM (ATOMIC FORCE MICROSCOPY), it will be made to 10A or 
less. 

[0023] And it is good to set suitably 1.3 micrometers or less of thickness after this 
polish to 1 micrometer or less, and desirable at the point which will become if the 
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effectiveness which radiates heat on the DLC film 7 through the amorphous 
alumina film 8 by this becomes high. 

[0024] Moreover, it is good to set suitably 0.7-3.5 micrometers of thickness of the 
DLC film 7 to 1-3 micrometers, and, in the case of less than 0.7 micrometers, 
withstand voltage falls, and if 3.5 micrometers is exceeded, it will exfoliate 
between the amorphous alumina film 8. 

[0025] By the DLC film 7 formed by the ordinary temperature plasma-CVD 
method in this way, although many defects had occurred on the inside of the film, 
and a film front face, in the amorphous alumina film 8 further formed by RF 
spatter or the ECR spatter, the high membrane formation filling factor was 
obtained, this raised thermal conductivity as the DLC film 7 is also, consequently 
the twist could burn heat, it could tell and heat dissipation nature was raised to 
the thermally conductive high slider 3. 

[0026] Moreover, the DLC film 7 also raised the withstand voltage property (the 
ordinary temperature resistance in applied-voltage 10V to the laminating of the 
DLC film 7 and the amorphous alumina film 8 is set to 101 1 ohms or more), it is 
that the surface smooth nature which was excellent in the amorphous alumina 
film 8 being was obtained, and the substrate 1 for the thin film magnetic heads 
excellent in field grace was offered. 
[0027] 

[Example] Hereafter, the example of this invention is explained. The alumina (the 
mean diameter of 99.9% of purity and raw-material powder: 0.4 micrometers) 
and the titanium carbide (the mean diameter of 99.5% of purity and raw-material 
powder: 0.3 micrometers) were used as a start raw material, weighing capacity 
was carried out so that an alumina might serve as and a titanium carbide might 
serve as 30% of the weight of a ratio 70% of the weight, about 1 0% of the weight 
of titanium oxide Ti02 was further added to the titanium carbide, and it mixed 
with alumina balls. Subsequently, mixed powder is fabricated and they are 1600 
degrees C and 250kg/cm2. Hotpress baking was carried out by the pressure for 
1 hour. 
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[0028] Thus, after carrying out the grinding process of the produced sintered 
compact to the shape of a predetermined disk type by the diamond wheel, 
surface wrapping processing was performed using the diamond abrasive grain. 
Subsequently, using diamond powder with a mean particle diameter of 0.5 
micrometers, a substrate front face, a polish plate, or abrasive cloth was slid 
relatively, precision polish was performed, and surface roughness Ra of a 
substrate was made into 18A by this. In this example, the tin surface plate was 
used as the above-mentioned polish plate. 

[0029] From originating in the membrane formation stress accompanying the 
following membrane formation process next, and the substrate itself deforming, 
shot-blasting processing is beforehand performed for a membrane formation rear 
face, and the flatness on the front face of a substrate is deformed into the 
concave surface. 

[0030] And membrane formation formation of the DLC film was carried out in 1-5 
micrometers using methane and hydrogen gas by RF plasma-CVD method (RF 
power: 500W, DC-bias:-250V) as shown in a table 1. The surface roughness Ra 
of such film is 28-1 40A. 

[0031] Furthermore, the alumina target of 99.5% of purity is used. In a spatter 
After it forms the amorphous alumina film by the thickness of 3 micrometers and 
the polish liquid which made spherical alumina impalpable powder suspend in 
pure water performs mirror plane processing after that, The polish liquid which 
made spherical Seria impalpable powder suspend in pure water performed the 
last precision processing, and the laminating of the DLC film into which thickness 
was changed, and thickness (0.5 micrometers, 1 micrometer, and 1.5 
micrometers) of the amorphous alumina film (film surface surface roughness 
[Ra]) was formed the passage of sample No. 1-8. In addition, what does not form 
the DLC film as an example of a comparison is shown in a table 2 as sample 
No.9-12. 
[0032] 
[A table 1] 
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[0033] 
[0034] 
[A table 2] 
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[0035] When the surface roughness and the resistance of the film exfoliation after 
heat-treatment, the DLC film, and the amorphous alumina film were measured to 
each [ these ] sample, the result as shown in this table was obtained. 
[0036] About the film exfoliation after heat-treatment, each sample was heated at 
the temperature of 600 degrees C within the vacuum ambient atmosphere, and 
the desquamative state of a membrane formation phase was checked with the 
differential interference microscope (50 times). Moreover, the surface roughness 
on the front face of the outermost was measured in AFM. 
[0037] About ordinary temperature resistance, 20 place / phi 4 microinches of 
electrodes of Ti/Au were formed in the film surface, it had in ordinary temperature 
applied-voltage 10V, the resistance between a film front face and the rear face of 
a substrate was measured using the 3 terminal method, and the minimum 
resistance was calculated. 

[0038] a passage clear from the result shown in a table 1 -- sample No.3- of this 
invention - about 5 and 7, resistance was set to 1012ohms or more, the 
outstanding withstand voltage was obtained, film exfoliation stops having arisen 
after heat-treatment further, and surface roughness Ra became 3.3A or less. 
[0039] Moreover, heat dissipation nature almost comparable as sample No. 9 
(what formed only the amorphous alumina film by the thickness of 4 
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micrometers) in ** put in practical use was obtained, and when each sample of 
this invention produced the various thin film magnetic heads which formed the 
magnetic film in each sample of this invention and investigated the thermal 
asperity phenomenon, respectively, the generating decreased remarkably and it 
was convenient [ a sample ] in any way practically there. 
[0040] however, sample No. since the DLC film was thick at 1 and 2, the 
surface roughness became large, therefore film exfoliation occurred between 
amorphous alumina film. Moreover, in sample No. 6, since the DLC film was thin, 
resistance became small. Since the amorphous alumina film was still thicker at 
sample No.8, film exfoliation occurred. 
[0041] 

[Effect of the Invention] While being having carried out the laminating of the DLC 
film with a thickness of 0.7-3.5 micrometers and the amorphous alumina film with 
a thickness of 1.3 micrometers or less one by one and raising the heat 
dissipation nature of the thin film magnetic-head component section on the 
substrate in this invention as above, the contact to the media side of a 
component was prevented and the substrate for the thin film magnetic heads 
which was further excellent in film adhesion reinforcement, electric pressure- 
proofing, and field grace has been offered. 

[0042] Moreover, in this invention, it is having used the substrate for the thin film 
magnetic heads of this invention, and the thin film magnetic head of high quality 
and high-reliability has been offered. 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) And (b) is the perspective view showing the substrate for the thin 
film magnetic heads of this invention. 

[Drawing 2] It is an important section expanded sectional view by cutting plane 
line X-X in drawing 1 (a). 

[Drawing 3] It is the important section expanded sectional view showing the layer 
system of the thin film magnetic head of this invention. 

[Drawing 4] It is the explanatory view showing the busy condition of the thin film 
magnetic head of this invention. 
[Description of Notations] 

1 Substrate for Thin Film Magnetic Heads 

2 Thin Film Magnetic Head 

3 Slider 

4 MR Component 

5 Media 

6 Substrate 

7 DLC Film 

8 Amorphous Alumina Film 

9 Magnetic Film 
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DRAWINGS 



[Drawing 1] 





[Drawing 2] 
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[Drawing 3] 
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M£>£VM3:;i7£#ia^ c l :i 1600—180 O^T***;/ h 
^l/^feSl^HIPMllti^^c r(DAl2 O 

3 -t i c**9$y^^r±#»ic»*ft***fctt 

0, *ffiSr?lbKtSwi:^#5, **5, A 12 O 
CDLCK7t7^7r^7/U^tK8 ^Mt6I 
[0 0 2 1] 7^7 7^7/^tl8^«l 

<fcV\> 

[0 0 2 2] mCctot, iffiliAFM (AT OM I 
C FORCE MI CROSCOPY) T*Ite$ix5 

mmmg. (Ra) Tfe^btt, ioaotict^^ 

[0 0 2 3] tLT, frfrZ>mm&V>1¥-fr& 1 . 3 /i m 

[00 2 4] £fc, DLCl7Of^^0. 7 — 3. 5 
Jim, #ill£tel-3MmlCi-5£«fc<, 0. 7 /i m* 



(3) 1-339229 

[0 0 2 5] ri>< Ltf^XvCVDSia 0Jgj* 
LfcDLCR7-Cll Krt:l5,fctm*ffif-#<<D*tea s 

fumftmrntmbtis zti\c^,r>, DLc»7-ctot 

70 [0 0 2 6] tilt, DLCB7lCj:oTWmJE#l4t>^ 

(DLCJK7 tT^^yr^T/u^-rms ^OffiJfUl 
-ktftZ) , L^t, 7^77^7yV^tl8r^o 

mm***? h-mmm i ^awt* ttfc. 

[0 0 2 7] 

tU7;Kt MS9 9. 9%, JK»»*o¥*9*fc 
S : 0 . 4//m) £ /^-f K (MS 9 9. 5 

20 %. 1H»«&*<Z>5P*S«[S : 0. 3 /4 m) U 

$-T&7 011%, K^3 0M%tf>tf: 

U 1 6 00^ 2 5 0 kg/ cm 2 1 PflH* 

[0 0 2 8] r <D 9 1- 1 TffS Lfc^frS:^ t^t 
is KaM^/Mc J: *9 0f3£(OR«^ttt-W8'J*IXLfc^, 

OfSISR a^l8A^ b/Co *iafew-ett±iseF« 

[0 0 2 9] o^lcTIE*KXSJCt t>ft5fiJc*«?*JC 

H««rOfliBfc«* LT*3 < 0 
[0 0 3 0] ^Lt, tc^-^*^ , 
40 *mJfx&m\<^X, rf^XvcvdS (RFl^: 

5 0 0W, DC/^7^:-2 5 0V) ^^ODLCR 

£l-5 izmOftit'SKMLfc. :wJ;9^i^ 

ffiSgR ali28-14 OAffc^o 
[0 0 3 1] ^b«99. 5%<07/W5W^y 

^tK * fc!R» $ *fcW*#lcT»iBj!rox«:*3 C <t o fc 

S»««*PXS:*5r*v^, «**No. 1-80^^ 
50 ^^^X-fcDLCg^^, 0. S^m, 1 ^ m, 1. 5 
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(4) ftfflW-l 1 -3 3 9 2 2 9 

* 6 

[Ra] ) k<omm*Mf£Lti e fc4b\ tt&mt l,XD [0 0 3 2] 



No 


DLCJ&CD 
(#m) 


7t*77>l7/V;f 


IMSRa (A) 


"Jin An 1M 


iftfci-A* 

Q 


DLCJR 


7WrX 

j»im 


&JB#fAi 


& 1 


5 


0. 5 


1 4 0 


2. 8 


W 


1 0 13 


38 2 


4 


0. 5 


1 0 8 


2. 6 




1 0 " 


3 


3 


0. 5 


7 8 


2. 5 




1 0 13 


4 


2 


0. 5 


5 1 . 


3. 1 


m 


10" 


5 


1 


0. 5 


2 8 


2. 7 


m 


1 0 11 


^ 6 


0. 5 


0. 5 


2 5 


2. 6 




1 0 


7 


1 


1 


2 9 


3. 3 


m 


1 0 13 


^ 8 


1 


1. 5 


2 8 


3. 0 




10" 



[0 0 3 3] *[X2] 
[0 0 3 4] ^ 



iit*4 










No 




Ra 




Q 




C/t/m) 


(A) 






9 


4 


3. 1 




1 0 11 


1 0 


3 


2. 9 


m 


1 0" 


1 1 


2 


3. 4 


m 


1 O 7 


1 2 


1 


2. 7 


m 


1 0 B 



[0035] rjxb#WB»c#u, Anmaa«(OBnii twastttsrw^L^tr^, 
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(5) 



[0036] mmikm&nmmmiz^xttis 

[0 0 3 7] «Jft»t(M»Colr^r ttT i /A u COffiH^ 

[0 0 3 8] *ltC*^tt*a>&W&a»*fc*3 0, 
^^f4No. 3-5, 7|COV^Ctt* Jggtffi^l 0 12 

[0 0 3 9] £fc, ^0JcO^3^^T^^ffl{b$n 

[0 0 4 0] IHI^fiNo. 1, 2T1iDLCW 
*S/h£<*ofc 0 SfeKWfNo. 8X&T*s\s7tX 

Tji>^i-m&m^<DX\ mmm&m±istc 0 

[0 0 4 1] 



/0 



20 



1-339229 

±fcj?^0. 7~3. 5|/m(ODLCii:l|^l. 3 /i 

x\ mmm^y vm*u<Dtkm&$:±tf z>t t 

[oo4 2] ^fc, *«wjc*5v^r«. *&w<ommm 
[m®co«*^^] 

[mi] (a) (b) n^mwcommm^v k 

[HI 2] gli (a) ic^t6.«]»fSDj»X-XJc:J:S5f«fU 

[ii3] *a5^o#Ka«^y K^n^it^^-r^^ 

[HI 4] *«W(Z>»B0B»-y K^fl6ffl*tlB«r^-r»M 
1 

2 
3 
4 
5 
6 
7 
8 
9 



MRf^ 

SEE 

DLCl 




(W 



[B2] 



T 
6 



84 



8 




[3] 



p e -Mn 



C u **H* 



TaKTJMI 



All Ot — T 1 CISC 



) 9 



-7 
6 
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(6) 



[El 4] 

2 




¥fffll¥-l 1 - 3 3 9 2 2 9 
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